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(54) Electrostrictive micro-pump 

(57) An electrostrictive micro-pump Is provided for 
controlling a fluid flow through a cannula or other narrow 
iiquid conduit. The micro-pump includes a pump body 
(3) having a passageway for conducting a flow of fluid, 
a pump element (9) fomied from a piece of viscoelastic 
material and disposed in the passageway, and a control 
assembly coupled to the viscoelastic material for elec- 
trostatically Inducing a peristaltic wave along the longi- 
tudinal axis of the pump element to displace fluid dis- 



posed within the pump body. The control assembly in- 
cludes a pair of electrodes disposed over upper and low- 
er sides of the pump element. The lower electrode is 
formed from a plurality of uniformly spaced conductive 
panels (22a-22h), while the upper electrode (20) is a sin- 
gle sheet of conductive material. A switching circuit (28) 
is provided for actuating the conductive panels of the 
lower electrode in serial, multiplex fashion to induce a 
peristaltic pumping action. 
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Description 

[0001] The present invention relates generally to mi- 
cro-pumps, and more particularly to a micro-pump that 
utilizes electrostatic forces to create a peristaltic defor- 
mation in a viscoelaslic material disposed in the pas- 
sageway of a pump body to precisely pump small quan- 
tities of liquids. 

[0002] Various types of micro-pumps are known for 
pumping a controlled flow of a small quantity of liquid. 
Such micro-pumps find particular use in fields such as 
analytical chemistry wherein an accurate and measured 
control of a very small liquid flow is required. Such micro- 
pumps are also useful in the medical field for regulating 
precise flows of small amounts of liquid medications. 
[0003] Many prior art micro-pumps utilize electrome- 
chanical mechanisms which while effective are relative- 
ly complex and expensive to manufacture on the small 
scales necessary to control small fluid flows. For exam- 
ple, micro-pumps utilizing piezoelectric materials are 
known wherein a pump element is oscillated by the ap- 
plication of electrical impulses on piezoelectric crystals 
to create a pressure differential in a liquid. Unfortunately, 
piezoelectric crystals are formed from brittle, ceramic 
materials which are difficult and expensive to machine, 
particularly on small scales. Additionally, piezoelectric 
materials generally are not suitable for interfacing with 
liquids. Thus, micro-pumps that exploit piezoelectric 
movement must be designed to insulate the piezoelec- 
tric crystals from contact with liquid materials. Finally, 
piezoelectric materials generally cannot be fabricated 
by way of known CMOS processes. Hence, while the 
electrical circuitry necessary to drive and control piezo- 
electric movement with a micro -pump may be easily and 
cheaply manufactured by CMOS processes, the inte- 
gration of the piezoelectric materials into such circuits 
requires relatively specialized and slow fabrication 
steps. 

[0004] Clearly, there is a need for a micro-pump which 
is capable of inducing a precise flow of a small amount 
of a liquid without the need for relatively expensive and 
difficult to machine materials. Ideally, all of the compo- 
nents of such a micro-pump could be manufactured 
from relatively inexpensive, easily-worked with materi- 
als which are compatible both with contact with liquid 
and with CMOS manufacturing techniques. 
[0005] A main aspect used in the invention is the pro- 
vision of an electrostrictive micro-pump for pumping a 
controlled amount of fluid that overcomes or at least 
ameliorates all of the aforementioned shortcomings as- 
sociated with the prior art. The micro-pump used in the 
invention comprises a pump body having a passageway 
for conducting a flow of fluid, a pump element formed 
from a piece of viscoelastic material and disposed in the 
passageway, and a control assembly coupled with the 
viscoelastic material for inducing an elastic defomnation 
in the shape of the material that creates a pressure dif- 
ferential in fluid disposed in the pump body passageway. 



[0006] The control assembly may include a pair of 
electrodes disposed on opposite sides of the viscoelas- 
tic material, a source of electrical voltage connected to 
the electrodes, and a switching circuit for selectively ap- 

5 plying a voltage from the source across the electrodes 
to generate an electrostatic force therebetween that de- 
forms the viscoelastic material. One of the electrodes 
may be a flexible electrically conducting coating dis- 
posed over an upper, fluid contacting side of the viscoe- 

10 lastic material, while the other electrode is preferably a 
plurality of conductive panels unlfomrily spaced over a 
lower, opposing side of the viscoelastic material that is 
mounted in the passageway of the pump body. The 
switching circuit preferably includes a multiplexer for se- 

15 quentially applying voltage from the voltage source to 
the conductive panels of the lower electrode to induce 
a peristaltic deformation in the viscoelastic material 
along the pump body passageway. 
[0007] The viscoelastic material forming the pump el- 

20 ement may be a silicon elastomer. Additionally, the elec- 
trodes of the control assembly are preferably fomned 
from a coating of a conductive metal, such as gold, sil- 
ver, or nickel, or a conductive polymer such as poly pyr- 
role, polyanaline, or poly thiophene. Alternatively, the 

25 conductive coating fomning either of the electrodes may 
be fomned from diamond-like cartDon. In all cases, the 
coatings are thin enough so as not to interfere with the 
desired, peristaltic defomnation of the viscoelastk; ma- 
terial upon the application of a voltage. 

30 [0008] The electrostrictive micro-pump used in the in- 
vention is fabricated from relatively inexpensive and 
easily worked with materials, and the electrode structure 
of the control assembly may be easily manufactured by 
CMOS technology. The inherent elastic properties of 
35 commercially available viscoelastic materials advanta- 
geously allow tor peristaltic movements of the valve el- 
ement at accurately controllable frequencies up to 12.5 
kHz. 

40 Figure 1A is a perspective view of a cannula in 
which the electrostrictive micro-pump used in the 
invention is mounted in order to control a micro flow 
of liquid therethrough; 

Figure 1B is a cross-sectional end view of the can- 
45 nula illustrated in Figure 1A across the line 1B-1B; 
Figure 1C is a cross-sectional end view of the can- 
nula illustrated in Figure 1A across the line 1C-1C 
illustrating an endcross-sectionai view of the micro- 
pump installed therein; 
50 Figure 2 is a perspective view of the control assem- 
bly used in the invention as it would appear re- 
moved from the cannula of Figure 1 A, and without 
the viscoelastic pump element disposed between 
the electrodes; 
55 Figure 3A is an enlarged, cross-sectional side view 
of the micro-pump illustrated in Figure 1 A with the 
pump element in a non-pumping, liquid conducting 
position; 
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Figures 3A-3E illustrate how the voltage source and 
multiplexer of the switching circuit cooperate to gen- 
erate a peristaltic deformation along the longitudinal 
axis of the pump element in order to pump fluid dis- 
posed In the pump body, and 5 
Figure 4 is a perspective, side view of the micro- 
pump used in the invention illustrating how the volt- 
age source and switching circuit of the control as- 
sembly can apply an electrostatic force across all 
of the conductive panels of the lower electrode in 
order to deform the pump element into a non-fluid 
conducting position. 

[0009] With reference now to Figures 1 A, 1 B, and 1 C, 
the electrostrlctlve micro-pump 1 used in the Invention 
includes a pump body 3, which, in this example, is a sec- 
tion of a cannula connected to a source of liquid 5. The 
liquid source 5 Includes a vent hole 6 for preventing the 
fomriation of a vacuum which could, Interfere with the 
operation of the micro-pump 1 . 

[0010] In this example, the cannula 4 has a passage- 
way 7 with a substantially square cross-section as best 
seen in Figure 1 B. The passageway 7 of the cannula 4 
extends from the vented liquid source 5 to a liquid outlet 
8. Outlet 8 may be, for example, a nozzle for injecting 
micro quantities of solvents or solutions in an analytical 
chemical apparatus. Alternatively, the vented source of 
liquid 5 may be a container of a liquid medication, and 
the cannula 4 may be used to administer precise quan- 
tities of medication to a patient. 

[0011] With reference now to Figures 1 C and 2A, the 
pump element 9 of the electrostrictive micro-pump 1 is 
a rectangularly-shaped piece of viscoelasttc material 
such as the silicon elastomer sold as "Sylguard 1 70" ob- 
tainable from the Dow Chemical Corporation located in 
Midland, Michigan, U.S.A. However, the invention is not 
confined to this one particular material, and encompass- 
es any elastomer having viscoetastic properties. In the 
preferred embodiment, the thickness T of the yiscoelas- 
tic material forming the pump element 9 may be 5 to 1 0 
microns thick. 

[0012] With reference again to Figure 2A, the control 
assembly 11 includes upper and lower electrodes 13 
and 14 which cover upper and lower surfaces of the 
valve element 9 in sandwich-like fashion. Electrodes 13 
and 1 4 are in tum connected to a source 1 5 of electrical 
voltage via conductors 17 which may be metallic strips 
fabricated on the surface of the cannula 4 via CMOS 
technology. The upper electrode 1 3 may be f o nned from 
a thin layer of a flexible, conductive material applied to 
the upper surface of the pump element 9 by vapor-dep- 
osition or other type of CMOS-compatible coating tech- 
nology. Examples of conductive materials which may be 
used for the layer 20 includes electrically conductive pol- 
ymers such as polypyrrole, polyanaline, and polythi- 
ophene. Alternatively, a relatively non-reactive metal 
such as gold, silver, or nickel may be used to form the 
layer 20. Of course, other conductive metals such as 
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aluminum could also be used but less reactive metal 
coatings are generally more preferred, since they would 
be able to interface with a broader range of liquids with- 
out degradation due to corrosion. Finally, eiectricatly 
conductive, diamond-like carbon might also be used. In 
all cases, the thickness of the layer 20 may be between 
0.2 and 1 micron thick. The lower electrode 14 may be 
fomned from the same material as the upper electrode 
13. However, as there is no necessity that the lower 
electrode 1 4 be flexible, it may be made from thicker or 
more rigid electrically conductive materials if desired. 
Lower electrode 14 includes a plurality of conductive 
panels 22a-h electrically connected in parallel to the 
electrical voltage source 15 via conductive strips 24 
which again may be formed via CMOS technology. 
[0013] The electrical voltage source 1 5 includes a DC 
power source 26. One of the poles of the DC power 
source is connected to the upper electrode 1 3 via con- 
ductor 1 7a, while the other pole of the source 26 is con- 
nected to the lower electrode 14 via conductor 1 7b and 
switching circuit 28. Switching circuit 28 includes a mul- 
tiplexer 29 capable of serially connecting the conductive 
panels 22a-h of the lower electrode 14 to the DC power 
source 26 at frequencies up to 12.5 kHz. 
[0014] The operation of the electrostrictive micro- 
pump 1 may best be understood with respect to Figures 
3A-3E. In Figure 3A, the multiplexer 29 of the switching 
circuit 28 applies no electrical potential to any of the con- 
ductive panels 22a-h. Hence there is no pressure ap- 
plied to any liquid or other fluid present in the space be- 
tween upper inner wall 32 of the cannula 4 and the flex- 
ible layer of conductive material 20 that forms the upper 
electrode 13. When the micro-pump 1 Is actuated, the 
multiplexer 29 first connects conductive panel 22a to the 
bottom pole of the DC power source 26. This action gen- 
erates an electrostatic force between the panel 22a and 
the portion of the flexible, conductive material 20 imme- 
diately opposite it. The resulting electrostatic attraction 
creates a pinched portion 33 in the viscoelastic material 
forming the pump element 9. As a result of the law of 
conservation of matter, an enlarged power 34 is created 
immediately adjacent to the pinched portion 33. As is 
illustrated in Figure 3C, the multiplexer 28 proceeds to 
disconnect the panel 22a from the DC power source 26 
and to subsequently connect the next adjacent conduc- 
tive panel 22b to the source 26. This action in turn dis- 
places both the pinched portion 33 and enlarged portion 
34 of the viscoelastic pump element 9 incrementally to 
the right. Figures 3D and 3E illustrate how the sequential 
actuation of the remaining conductive panels 22c-h ef- 
fectively propagates the enlarged portion 34 toward the 
right end of the pump element 9. As the peak of the en- 
larged portion 34 contacts the upper inner wall 32 
throughout its rightward propagation, the pump element 
9 peristalticalty displaces the small volume of liquid dis- 
posed between the layer 20 and the upper wall 32 of the 
cannula 4, thereby generating a pressure that causes 
liquid to be expelled out of the outlet 8. 
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[0015] It should be noted that the displacement of the 
micro-pump 1 may be adjusted by preselecting the vol- 
ume in the cannula between the upper layer 20 forming 
the upper electrode 13 and the upper inner wall 32 of 
the cannula passageway 7. The rate of fluid displace- 
ment may be controlled by adjusting the frequency of 
the multiplexer 29. To compensate for the inherently 
lower amplitude of the enlarged portion 34 in the pump 
element 9 at higher frequencies, the voltage generated 
by the DC power source may be increased so that the 
peak of the resulting enlarged power 34 engages the 
upper inner wall 32 during its propagation throughout 
the length of the pump element 9. 
[0016] One of the advantages of the micro-pump 1 
used in the invention is that the pumping action may be 
positively stopped by applying an electrical potential si- 
multaneously to each of the conductive panels 22a-h. 
This particular operation used in the invention is illus- 
trated in Figure 4. When the multiplexer 29 applies a 
voltage from the DC power sou rce 26 to all of the panels 
22a-h, multiple static pinched portions 33 are created 
which in turn create multiple static enlarged portions 34 
which engage the upper wall 32 of the cannula passage- 
way 7. As a result of such operation, the pump element 
9 effectively becomes a viscoelastic valve element 
which positively prevents the flow of further liquid from 
the vented liquid source 5 through the outlet 8. The ca- 
pacity of the micro-pump 1 to simultaneously function 
as a flow restricting valve advantageously obviates the 
need for the constmction and installation of a separate 
microvalve to control the flow. 

[0017] While this Invention has been described in 
terms of several preferred embodiments, various mod- 
ifications, additions, and other changes will become ev- 
ident to persons of ordinary skill in the art. For example, 
the micro-pump 1 could also be constructed by mount- 
ing two pump elements 9 in opposition on the upper and 
lower walls 30, 32 of the cannula passageway 7. Each 
valve element 9 could have its own separate control as- 
sembly 11 , and the operation of the two control assem- 
blies could be coordinated such that complementary 
peristaltic waves were generated in the two different 
pump elements. Such a modification would have the ad- 
vantage of a greater liquid displacement capacity. All 
such variations, modif ications, and additions are intend- 
ed to be encompassed within the scope of this patent 
application, which is limited only by theclaims appended 
hereto and their various equivalents. 



Claims 

1 , An electrostrictive micro-pump for pumping a flow 
of fluid, comprising: 

a pump body having a passageway for con- 
ducting a flow of said fluid; 
a pump element formed from a piece of viscoe- 



lastic material and disposed in said passage- 
way, and 

a control assembly coupled with said viscoelas- 
tic material for inducing an elastic deformation 
5 in the shape of said material that creates a pres- 

sure differential in fluid disposed in said pump 
body passageway. 

2. The electrostrictive micro-pump defined in claim 1 , 
10 wherein said control assembly includes first and 

second electrodes disposed on opposite sides of 
said viscoelastic material. 

3. The electrostrictive micro-pump defined in claim 2, 
15 wherein said control assembly includes a source of 

electrical voltage connected to said first and second 
electrodes, and a switching means for selectively 
applying a voltage from said source across said 
electrodes to generate an electrostatic force there- 
20 between that deforms said viscoelastic material. 

4. The electrostrictive micro-pump defined in claim 2, 
wherein at least one of said electrodes is an elec- 
trically conductive coating disposed over one of 

25 said sides of said viscoelastic material. 

5. The electrostrictive micro-pump defined in claim 1 , 
wherein said valve element is a single piece of vis- 
coelastic material attached to a wall of said pas- 

30 sageway. 

6. The electrostrictive micro-pump defined in claim 1 , 
wherein said viscoelastic material fomning said 
pump element is a silicon elastomer. 

35 

7. An electrostrictive micro-pump for pumping a flow 
of fluid, comprising: 

a valve body having an elongated passageway 
40 for conducting a flow of said fluid; 

a pump element formed from a piece of viscoe- 
lastic material and having a bottom wall mount- 
ed on a wall of said passageway, and a top wall, 
and 

45 a control assembly including first and second 

electrodes disposed over said top and bottom 
walls of said viscoelastic material for inducing 
an elastic deformation in the shape of said ma- 
terial that creates a pressure differential in fluid 
disposed in said pump body passageway. 

The electrostrictive micro-pump defined in claim 7, 
wherein one of said electrodes includes a plurality 
of conductive panels serially disposed along the ax- 
is of said passageway, and said control assembly 
includes a source of electrical voltage, and a switch- 
ing means for selectively applying voltage from said 
source across said electrodes that form the shape 
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of said material. 

9. The electrostrictive micro-pump defined in claim 7, 
wherein said viscoelastic material is a silicon elas- 
tomer. 5 

10. The electroslriclive micro-pump defined in claim 8, 
wherein said switching means includes a multiplex- 
er. 

10 
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